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ABSTRACT 

Context. We report the detection by the AGILE satellite of an intense gamma-ray flare from the gamma-ray source 3EG J 1255-0549, 
associated to the Flat Spectrum Radio Quasar 3C 279, during the AGILE pointings towards the Virgo Region on 2007 luly 9-13. 
Aims. The simultaneous optical. X-ray and gamma-ray covering allows us to study the spectral energy distribution (SED) and the 
theoretical models relative to the flaring episode of mid-Iuly. 

Methods. AGILE observed the source during its Science Performance Verification Phase with its two co-aligned imagers: the Gamma- 
Ray Imaging Detector (GRID) and the hard X-ray imager (Super- AGILE) sensitive in the 30 MeV - 50 GeV and 18-60 keV 
respectively. During the AGILE observation the source was monitored simultaneously in optical band by the REM telescope and in 
the X-ray band by the Swift satellite through 4 ToO observations. 

Results. During 2007 July 9-13 July 2007, AGILE-GRID detected gamma-ray emission from 3C 279, with the source at ~ 2° from 
the center of the Field of View, with an average flux of (210 + 38) x 10"* ph cm"- s"' for energy above 100 MeV. No emission was 
detected by Super-AGILE, with a 3-cr upper limit of 10 mCrab. During the observation lasted about 4 days no significative gamma-ray 
flux variation was observed. 

Conclusions. The Spectral Energy Distribution is modelled with a homogeneous one-zone Synchrotron Self Compton emission plus 
the contributions by external Compton scattering of direct disk radiation and, to a lesser extent, by external Compton scattering of 
photons from the Broad Line Region. 

Key words, gamma rays: observations - galaxies: quasars: general - galaxies: quasars: individual 3C 279 



1. Introduction 

3C 279 (z=0.536) is an optically violent variable (OVV) quasar, 
the first and one of the brightest blazar discovered to emit in 
gamma-ray band by EGRET (Hartman et al. 1992). 

Despite its relatively large distance this FSRQ is probably 
the most intensively studied blazar in every band of the elec- 
tromagnetic spectrum. Its SED has two broad bumps with the 
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first peak occurring at far-IR (~ 10 Hz) and the second one 
extending in the MeV-GeV energy range. 3C 279 is highly vari- 
able at all frequencies of the spectrum, particularly in the high 
frequency part of the two bumps, showing a variability on time 
scales ranging from days to months. This behavior is usually in- 
terpreted assuming that the first peak is due to the synchrotron 
emission of highly relativistic electrons accelerated in a jet stem- 
ming from the nucleus, and the second peak generated by the 
Inverse Compton (IC) emission of the same electrons interacting 
with low-energy photons produced by the jet itself (Synchrotron 
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Self Compton, SSC) or by a region external to the jet (External 
Compton, EC). 

3C 279 is the first quasar that exhibited apparent superlu- 
minal motion (Whitney et al. 1989) and high-resolution VLBI 
radio maps show correlations between flare activity and compo- 
nents ejected from the core (Wehrle et al. 2001). The observa- 
tion of radio blobs emitted by 3C 279 (Lindfords et al. 2006) 
strongly supports the presence of a jet. It has been argued that 
the misalignment between the jet and the line of sight is only 
two degrees (Lindfords et al. 2005). 

3C 279 has been detected several times in the gamma- 
rays energy band by the EGRET instrument on board CGRO 
(Hartman et al. 2001) with integrated flux changes up to a factor 
of 100. 

The gamma-ray emission exhibited the largest amplitude vari- 
ability on both long (months) and short (days) time scales. On 
the basis of historical gamma-ray observations it is possible to 
distinguish between high states (average flux equal or greater 
than about 10"^ ph cm"^ s"' above 100 MeV) and low states 
(average flux of the order of 10"^ ph cm"^ s '). The photon in- 
dices of the gamma-ray energy spectra during the different lev- 
els of activity of the source ranging from 1.7 to 2.4; a correla- 
tion between average fluxes and spectral indices is still debated 
(Nandikotkur et al. 2007; Hartman et al. 2001). 

3C 279 was also detected by OSSE (50 keV-1 MeV) at 
the transition region from hard X-rays and gamma-rays and 
COMPTEL at low energy (1-30 MeV) gamma-rays (McNai'on- 
Brown et al. 1995). Although flux variations were found in the 
OSSE and EGRET energy bands, only a marginal flux varia- 
tions were observed in the COMPTEL energy band. Hartman et 
al. (2001) argued that this behaviour could be explained by con- 
sidering the Comptonization of direct accretion disc photons at 
COMPTEL energies and the Comptonization of accretion disc 
photons scattered into the jet region by the Broad Line Region 
(BLR) clouds at EGRET energies. 

Evidence for a thermal component due to the emission from 
the accretion disk are noted by Plan et al. (1999). This Seyfert- 
like component, present in other blazar as 3C 454.3 (Raiteri et 
al. 2007) and AO 0235-H164 (Raiteri et al. 2006), is detected 
only in low activity states of the sources, when the contribution 
of the beamed synchrotron radiation is less important. This 
could explain the smaller variability observed in the UV than 
in optical band, under the assumption that the disk emission 
is not variable on time scales less than a few years. Instead, in 
the optical band 3C 279 varies dramatically on different time 
scales ranging from intense outbursts that last about one year to 
microvariability on the scale of hours (see e.g. Kartaltepe and 
Balonek, 2007). Historically the source has a R-band magnitude 
ranging between 12.5 and 16.5. The variability profile of the 
flares observed seems to be consistent with the optical emission 
of 3C 279 being dominated by synchrotron emission produced 
in the strong magnetic field of the relativistic jet. 

Recently the MAGIC telescope has detected very high en- 
ergy (VHE) gamma-rays from 3C 279 (Albert et al. 2008). The 
detection of the VHE gamma-ray emission from a source at such 
a distance could constrain the current theories about the density 
of the extragalactic background light (EBL), providing an indi- 
cation that the Universe appears more transparent at cosmologi- 
cal distance that believed. 

In this Letter we present the analysis of the AGILE observa- 
tion of 3C 279 between 9 July 2007 and 13 July 2007. 
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Fig. 1. Gaussian-smoothed counts map in Galactic coordinates 
for the 3C 279 region over the observing period 9-13 July 2007. 
Only photons with energy greater than 100 MeV have been 
folded. 

2. AGILE Data 

2.1. AGILE Observation of 3C 279 

AGILE (Astrorivelatore Gamma a Immagini LEggero) is an 
Italian Space Agency (ASI) mission (Tavani et al. 2008) devoted 
to high-energy astrophysics studies. 

The satellite was successfully launched from the Indian base 
of Sriharikota on 23 April 2007 and has the peculiar character- 
istic to operate simultaneously in the hard X-ray and gamma- 
ray energy bands yielding broad-band coverage in the energy 
spectrum. The AGILE Instrument combines the Gamma Ray 
Imaging Detector (GRID) sensitive in the energy range 30 MeV- 
50 GeV and the X-ray coded-mask imager SuperAGILE (Feroci 
et al. 2007) sensitive in the energy range 18-60 keV. The GRID 
instrument is composed by a pair-production tracker based on 
the silicon microstrip technology (Silicon Tracker; Prest et al. 
2003, Barbiellini et al. 2001), a calorimeter made of Csl bars 
(Mini-Calorimeter; Labanti et al. 2006) placed below the Silicon 
Tracker and an Anti-coincidence System (ACS) segmented in 13 
panels of plastic scintillators (Perotti et al. 2006). 

The Silicon Tracker and the on-board trigger logic are opti- 
mazed for gamma-ray imaging in the 30 MeV-50 GeV energy 
band (Argan et al. 2004). 

At the beginning of the Science Performance Verification 
Phase, AGILE repointed the Virgo region and observed the 
blazar 3C 279 for a total of 44 hours of effective time. The source 
was close (about 2 degrees) to the center of the field of view of 
the Instrument for the whole observing time. Super-AGILE ob- 
served 3C 279 for a total on-source net exposure time of about 
100 ks. 

2.2. Data Reduction and Analysis 

Level- 1 AGILE-GRID data were analyzed using the AGILE 
Standard Analysis Pipeline. The ACS and a set of hardware trig- 
gers perform the first reduction of the high rate of background 
events (charged particles and albedo gamma-rays) interacting 
with the instrument. A dedicated software processes the signals 
coming from the GRID and the ACS, performing a reconstruc- 
tion and selection of events in order to discriminate between 
background events and gamma-rays, deriving for the latter the 
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energy and direction of the incoming photons. A simpHfied ver- 
sion of this software operate directly on board of AGILE in or- 
der to reduce the telemetry throughput (Giuliani et al., 2006). A 
more complex version of the reconstruction and selection soft- 
ware is applied on ground, producing a photon list containing 
arrival time, energy and direction of every gamma-ray and the 
corresponding exposure maps. 

Counts, exposure and Galactic background gamma-ray 
maps, the latter based on the diffuse emission model developed 
for AGILE (Giuliani et al. 2004), were created with a bin-size 
of 0.°25 X 0.°25 for photons with energy greater than 100 MeV. 
We selected only events flagged as confirmed gamma-ray events, 
and all events collected during the South Atlantic Anomaly and 
whose reconstructed directions form angles with the satellite- 
Earth vector smaller than 80° are rejected. 

In order to derive the average flux and spectrum of the source 
we run the AGILE Maximum Likelihood procedure (Chen et al. 
2008) on the whole observing period, according to Mattox et al. 
(1993). 



Table 1. Results of XRT observations of 3C 279. Power law 
model with A^h fixed to the Galactic value of 2.05 x 10^" cm"^. 
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Fig. 2. Gamma-ray photon spectrum for 3C 279 during the ob- 
servation period 9-13 July 2007. Four energy bins were taken 
into account: 100-200 MeV, 200-400 MeV, 400-1000 MeV, 
1000-3000 MeV. The solid line corresponds to a power law 
function with photon index 2.22+0.23. 



Observation 


Flux 2-10 keV 


Spectral slope 




date 


erg cm"^ s"' 


r 




lO-Jul-2007 


1.20x10^" 


1.42 ±0.05 


1.21 (73) 


ll-Jul-2007 


1.17x10^" 


1.47 ± 0.07 


0.86 (52) 


12-Jul-2007 


1.05x10-" 


1.47 ± 0.06 


1.07 (57) 


13-Jul-2007 


1.13x10^" 


1.48 ± 0.06 


0.96 (50) 



3.2. REM Observation 

The photometric optical observations were carried out with the 
Rapid Eye Mount (REM, Zerbi et al. 2004), a robotic telescope 
located at the ESQ Cerro La Silla observatory (Chile). The REM 
telescope has a Ritchey-Chretien configuration with a 60 cm 
f/2.2 primary and an overall f/8 focal ratio in a fast moving alt- 
azimuth mount providing two stable Nasmyth focal stations. At 
one of the two foci the telescope simultaneously feeds, by means 
of a dichroic, two cameras: REMIR for the NIR (Conconi et al. 
2004) and ROSS for the optical (Tosti et al. 2004), used in order 
to obtain nearly simultaneous data. For a detailed description of 
the procedure of data reduction and analysis see e.g. Dolcini et 
al. 2007. 

The telescope REM has continuously observed 3C 279 for 
about 1 year between December 2006 and December 2007, in- 
cluding the AGILE observation period. The light curve produced 
by REM in the R-band is shown in Figure 3. 
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3. Optical and X-ray observations 

3.1. Swift Observation 

The Swift X-ray Telescope (XRT; Burrows et al. 2004, 0.2-10 
keV) data were processed with standard procedures (xrtpipeline 
vO.11.6) adopting the standard filtering and screening criteria. 
All the observations were carried in photon counting (PC) mode 
and photons were selected with grades in the range 0-12. 

Swift-XRT uncertainties are given at 90% confidence level 
for one interesting parameter unless otherwise stated. Data were 
rebinned in order to have at least 20 counts per energy bin and 
to use the;t^^ statistics. 

Spectral analysis was performed using the Xspec fitting 
package 12.3.1, with the results shown in Table 1. We fit the 
spectra with a absorbed power law with Galactic absorption 
fixed at the value Nh = 2.05 x 10^" cm"^ (wabs*powerlaw 
model in Xspec). 



Fig. 3. Long-term R-band light curve as observed by REM be- 
tween December 2006 and December 2007. The yellow shaded 
region indicates the period covered by the GRID observation. 



4. Results and Discussion 

During the period between 9 and 13 July 2007, AGILE detected 
a gamma-ray source with position compatible with 3C 279 at a 
significance level of 11.1 cr (see Fig. 1) with an average flux of 
(210 + 38) X lO"** ph cm-2 s"' for E > 100 MeV, as derived 
from a maximum likelihood analysis using radio position of the 
source (1 = 305.10° b = 57.06°). AGILE detected the source at 
a flux level comparable to that measured by EGRET when the 
source was in a flaring state. Fitting the gamma-ray fluxes with 
a constant model (the weighted mean of the 1-day average flux 
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values) and following McLaughlin et al. (1996) we obtain a vari- 
ability coefficient of V = 0.32, indicating that the source is not 
variable in gamma-ray band during the AGILE observation. 

Fig. 2 reports the average gamma-ray spectrum of 3C 279 
for the AGILE observing period. Fitting the data with a simple 
power law model we obtain a photon index of F = 2.22 + 0.23. 
The photon index is calculated with the weighted least squares 
method, considering only three energy bins for the fit: 100-200 
MeV, 200-400 MeV and 400-1000 MeV. The source was not 
detected (above 5 cr) by the Super- AGILE Iterative Removal of 
Sources (IROS) applied to the image, in the 20-60 keV energy 
range. A 3 cr upper limit of 10 mCrab was obtained from the ob- 
served count rate by a study of the background fluctuations at the 
position of the source and a simulation of the source and back- 
ground contributions with IROS. Instead, Swift-XRT detected 
the source with daily observation between 10 and 13 July at a 
flux nearly constant of about 10"" erg cm"^ s"' (see Table 1). 

The multiwavelengh studies performed in the past on 3C 279 
showed that during gamma ray flares most of the power emitted 
by the source lies in the high-energy gamma-ray band. In ac- 
cordance with leptonic models for blazars, the high-energy peak 
in the blazars SED is due to Inverse Compton emission from the 
relativistic electrons accelerated by the jet. In the case of 3C 279, 
the external Compton scattering of direct disk radiation (EDC) 
and external Compton scattering of radiation from clouds (ECC) 
components dominate in high-energy gamma-rays yielding a to- 
tal spectrum which varies as a function of the relative contribu- 
tion of these two components. 

A possible correlation between gamma-rays flux value and spec- 
tral index is subject of debate (Nandikotkur et al., 2007), but 
EGRET observations of 3C 279 hinted a gradual hardening dur- 
ing the flaring states, that can be interpreted as the ECC com- 
ponent dominate during the flaring states. Only one flare (dur- 
ing EGRET observation P9) showed a soft spectrum EDC domi- 
nated. Our AGILE observation seems to be similar to the P9 flare 
supporting the idea that a soft spectrum during flaring episodes 
is not a extremely rare event. Hartman et al. (2001) suggests that 
softening spectra can be due to a low state of the accretion disk 
occuiTed before of the EGRET observation P9, which led to a 
reduction of the ECC component. 

From the R-band light curve (Fig. 3) emerges that a strong 
minimum occuiTed about 2 months before the period covered 
by the GRID observations (indicated by the yellow shaded re- 
gion in figure). This optical minimum might be correlated with 
a low accretion state of the disk; infact, even if the relation be- 
tween highly relativistic jets and accretion processes in AGN is 
one of the fundamental open problems in astrophysics, the cur- 
rent theoretical models of the formation of jet suggest that the 
power is generated by means of accretion, extracted from the 
disk rotational energy and converted into kinetic power of the 
jet (Blandford & Payne 1982). If the accretion rate is related 
to the jet power (see e.g. Ghisellini and Tavecchio 2008) then 
it is also related to the synchrotron emission seen in the optical 
band. In this scenario, the reduction of activity of the disk causes 
the decrease of the photon seed population produced by the disk 
and then a ECC component deficit; this effect was delayed of 
two months (roughly the light travel time from the inner disk 
to the Broad Line Region) coincident with the AGILE observa- 
tion period. To test this hypothesis we fit the optical. X-rays and 
gamma-rays data with a SCC-nEC model similar to the model 
used to fit the P9 EGRET observation in Hartman et al. (2001) 
but with different parameters values, finding a good agreement 
with the data. We use a double power law distribution for the 
electron's energy density with spectral index pi - 2.0 from y,„,„ 



- 100 to ybreak — 600 and p2 - 4.0 for y over 600, with a den- 
sity at break = 30 cm"-^ and jmax = 6x10-^. The blob have 
radius R = 2.5 x 10'^ cm, magnetic field B = 1.8 Gauss and it 
moves with a bulk Lorentz factor F = 13 at an angle 0-2° with 
respect to the line of sight. The relativistic Doppler factor is then 
5 - 21.5. The accretion disk luminosity assumed is = 5 x 
10"^^ erg s"' with a Broad Line Region reprocessing a 10% of 
the illuminating continuum. Fig. 4 shows the SED for the GRID 
observing period, including simultaneous optical (REM) and X- 
ray (Swift) data and indicating individual model components. 
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Fig. 4. Spectral Energy Distribution of 3C 279 for the AGILE- 
GRID observation, including simultaneous optical (REM) and 
X-ray (Swift) data. The dotted, dashed, dot-dashed and double- 
dot dashed lines represent the contributions of the accretion disk 
blackbody, the SSC, the external Compton on the disk radiation 
and the external Compton on the Broad Line Region radiation, 
respectevely. 



5. Conclusions 

During the period 2007 June 9-13 AGILE detected a highly sig- 
nificant source (11.1 sigma for E> 100 MeV) associated to the 
FSRQ 3C 279. The source had an average flux of (210 + 38) x 
10"** ph cm"^ s"' over the period covered by AGILE observa- 
tion. Gamma-ray flux variations on 1-day time scale seems not 
to be present in our data, while longer timescales cannot be in- 
vestigated due to the short observing time. The spectra measured 
by AGILE is compatible with a power law distribution of slope 
2.22+0.23 in the energy range 100 MeV - 1 GeV This soft spec- 
trum observed during a flaring episode, already observed dur- 
ing EGRET P9 observation, could be an indication of a domi- 
nant contribution of the EDC emission compared to ECC emis- 
sion. The Inverse Compton scattering of relativistic electrons of 
synchrotron or ambient photons is responsible for the emission 
at hard X-rays and gamma-ray energies for FSRQ as 3C 279. 
Claryfing the exact nature of the seed photons for the IC scat- 
tering would explain the origin of the huge amplitude variations 
exhibited by 3C 279 at the highest energies. 
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